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• KEK is a laboratory in Tsukuba, 
Japan, with a 30-year history of 
building and operating electron-
positron colliders and detectors for 
HEP. 

• SuperKEKB and Belle II will extend 
this tradition by 10 to 15 years. 

• Why?  The principal justification is to 
seek clear evidence for processes 
that deviate from the Standard 
Model (new physics) at CM energies 
favorable for production of       . 

• Belle and BaBar have taught us that 
this pursuit requires luminosity and 
detector sophistication well beyond 
what has been achieved to date at B 
factories. 
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Sensitive to charged Higgs. 

Also sensitive to charged Higgs. 

An FCNC process with many 
observables exposed to NP 

The B factories, BaBar and Belle, have explored tens of 
physics topics and hundreds of channels.  All can benefit from 
the enhancements that SuperKEKB and Belle II will bring, but 
a) in 15min we can discuss only a few examples, and 
b) the primary Belle II mission is to reveal New Physics (NP).

B!⌧⌫

B!D⇤⌧⌫

B!D ⌧⌫

B!Xs`
+`�

The “bible” of Belle II physics projections is BELLE2-NOTE-PH-2015-002, 
B. Golub, K. Trabelsi, and P.  Urquijo. (Restricted access.)
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Phase space
Measurable via other modes*

 

Sensitive to existence  
of a charged Higgs

Helicity suppression 
Makes 
but with precisely 
determined ratios 

⌧⌫ � µ⌫ � e⌫

In the type II 2-Higgs doublet model (2HDM)  (W.S. Hou, PRD 48, 2342 (1993)),
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A charged Higgs breaks lepton universality. 

Although type II 2HDM is now in a bit of trouble (see 
below), other NP could force departure from SM.

tan� is the ratio of the VEVs of the two doublets.

B(B!⌧⌫)

⇤Vub = (3.70± 0.12± 0.26)⇥ 10�3

fBs = (225.6± 1.1± 5.4) MeV

fBs/fBd = 1.205± 0.004± 0.007
from <http://ckmfitter.in2p3.fr> in early 2014.
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B(B!⌧⌫)

Hadronic	
  tags:	
  
63±22.5	
  (3σ)

Semi-­‐leptonic	
  tags:	
  
225±50	
  (3.8σ)

EECL is calorimeter energy not associated 
with the daughters of the 𝛶(4S).  
Ultimately the signal is the small excess 
above projected background at low EECL. 
Challenging for the instrumentation at the 
B factories. 
(Much more challenging at LHCb.)

B+!D0⇡+�

K⇡�⇡+⇡�
B�!⌧⌫�

e⌫⌫̄

o

Tag B
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B(B!⌧⌫)

SM*0.5 1.0 1.5 2.0 2.5

BaBar X`⌫ tag PRD81, 051101 (2010)

BaBar hadronic tag PRD88, 031102 (2013)

Belle hadronic PRL110, 131801 (2013)

Belle X`⌫ PRD92, 051102 (2015)

Average CKM 2015, http://ckmfitter.in2p3.fr/

Belle II @ 5ab�1

B(B!⌧⌫)⇥ 104

30% precision at Belle → <5% precision at Belle II

B
(B

!
`⌫
(�
))

World average

Belle had tag

Belle II 5/ab
Belle II 50/ab
Standard ModelB!

⌧⌫ µ⌫ e⌫ `⌫�

*See slide 4.
Belle, B→ µ ν , e ν (Had) PRD91, 052016 (2015) 
Belle, B→ l ν gamma Preliminary (2014 B2TiP)
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SuperKEKB

• Compared with KEKB, the design luminosity of SuperKEKB is 
higher by a factor of 40. 

• Increase in beam current contributes a factor of ~2. 
• Reduction in spot size at the interaction point contributes a factor 

of ~20. 
• Beam commissioning is scheduled to begin in January 2016 and 

to continue, with interruptions, for two years.
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Belle II Collaboration

• 23 countries, 
• 99 institutions, 
• ~600 collaborators as of May 2015.

8
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Belle II Detector

• All Belle sub-detectors  to be upgraded or replaced in part to cope better 
with higher particle fluxes associated with higher beam currents.

9
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Vertex Detectors
Beam pipe radius reduced from 2cm-1.5cm for Belle to 1cm for Belle II.

10

New vertex detectors: 2 layers of 
DEPFETs (Depleted P- Channel Field 
Effect Transistor) and 4 layers of DSSD 
(Double Sided Silicon Detector).

First	
  working	
  
SVD	
  ladder	
  
readout	
  at	
  
Vienna	
  in	
  April

Into test beam 
in June 2015
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Central Drift Chamber

• Outer radius of Belle II CDC is 28% bigger than the Belle CDC. 
• Stringing of 51456 wires was completed in January 2014. 
• Commissioning with cosmic rays is ongoing.

11



• The Imaging Time of Propagation (iTOP) detector does particle ID 
from a perch between the CDC and EM calorimeter, a gap of ~10cm. 

• It operates both as a time-of-flight detector and a ring imaging 
Cherenkov counter. 

• The light rays never have the opportunity to form a ring image in 
space only.  The “image” is in space-time and thus requires superb 
time measurement to resolve. 

• The point of impact and the angle of the trajectory are determined 
from CDC data.

                                         C. Rosenfeld,  Brookhaven Forum 2015

iTOP Detector

12

Forward 
MirrorBackward  

Photon Detectors

⇡+
or

K+
Light ray from ⇡+

Light ray from K+

Quartz plate 20mm x 45cm x 200cm
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Aerogel RICH

• The ARICH does particle ID in the forward endcap. 
• In contrast with the iTOP it detects Cherenkov light as rings in space 

only. 

• ARICH incorporates 420 Hybrid Avalanche Photo Detectors (HAPD), 
each with 144 channels.

13
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•Higher rates in Belle II (Bhabha’s, 
Touschek scattering) require ECL 
upgrades to combat “pile-up.” 

•New electronics for the entire ECL 
will provide waveform sampling. 
All barrel counters are already 
communicating with the DAQ.

14

•The Belle KLM used resistive plate 
chambers interleaved with steel sheets. 

• In some places the RPCs cannot 
handle the higher rates of Belle II.  In 
those places scintillator will replace the 
RPCs. 

•The KLM also gets new electronics.

Electromagnetic  
Calorimeter (ECL)

KL and Muon  
Detector (KLM)
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B(B!D⇤⌧⌫) and B(B!D⌧⌫)

BaBar: Neither R* nor R is a good match to the SM 
(tan 𝜷/MH = 0) calculation. 
Both can match the type II 2HDM but not at  
a consistent value of tan 𝜷/MH.  

Belle

Babar

R(D⇤)⌘ B
�
B̄ ! D⇤⌧ ⌫̄

�

B
�
B̄ ! D⇤`⌫̄

�

R(D ) ⌘ B
�
B̄ ! D ⌧ ⌫̄

�

B
�
B̄ ! D `⌫̄

�

` = e
or

` = µ

In common with B(B !
⌧⌫) this process has good
sensitivity to existence of
a charged Higgs.

(H�?)
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B(B!D⇤⌧⌫) and B(B!D⌧⌫)

R(D)

R
(D

⇤ )

TABLE XIX: Systematic errors on the ratio of branching fractions
R(D(⇤)) = B(B ! D

(⇤)
⌧⌫)/B(B ! D

(⇤)
`⌫) with the hadron tag method in Babar data.

The precision limit for some systematics is given in brackets.

Source Error on R
D D

⇤

Semileptonic modeling 2.5 (1.2) 1.8 (0.9)
Cross-feed 5.3 (1.8) 2.1 (0.7)
B(D⇤⇤) 2.2 (0.7) 2.6 (0.9)
Reconstruction 0.9 (0.5) 0.9 (0.5)
Other Backgrounds 3.9 (2.0) 2.3 (1.1)
MC statistics 6.2 3.2
Total 9.6 (9.1, 3.1) 5.5 (5.2, 1.9)

TABLE XX: Extrapolation of the Babar B ! D

(⇤)
⌧⌫ result with a SM hypothesis. Errors

are given in percent.

Statistical Systematic Total Exp
(reducible, irreducible)

R(D)
423 fb�1 13.1 (9.1, 3.1) 16.2
5 ab�1 3.8 (2.6, 3.1) 5.6
50 ab�1 1.2 (0.8, 3.1) 3.4
R(D⇤)
423 fb�1 7.1 (5.2, 1.9) 9.0
5 ab�1 2.1 (1.5, 1.9) 3.2
50 ab�1 0.7 (0.5, 1.9) 2.1

F. B

s

semileptonic modes

Belle II may collect as much as 5 ab�1 of data near the ⌥(5S) resonance. This unique
sample will be useful in understanding rare and semileptonic B

s

decays.

28

TABLE XX: Extrapolation of the Babar

B! D⇤⌧⌫ result with a SM hypothesis.

Errors are given in percent.

The ultimate Belle II error bars will look 
like 

0.016 0.003
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B!Xs`
+`�

For B!K⇤`+`� one considers a veritable zoo

of observables, for B!Xs`+`� not so many.

)
Xs orK⇤

Exclusive

Inclusive

q2 ⌘ M(`+`�)

terms AðiÞ
S of the S wave with the K#0 transversity ampli-

tudes as defined in Ref. [27]. In Ref. [8], FS was measured
to be less than 0.07 at 68% confidence level. The maximum

value that the quantities AðiÞ
S can assume is a function of FS

and FL [12]. The S-wave contribution is neglected in the fit
to data, but its effect is evaluated and assigned as a system-
atic uncertainty using pseudoexperiments. A large number
of pseudoexperiments with FS ¼ 0:07 and with the inter-
ference terms set to their maximum allowed values are
generated. All other parameters, including the angular
observables, are set to their measured values in the data.
The pseudoexperiments are fitted ignoring S-wave and
interference contributions. The corresponding bias in the
measurement of the angular observables is assigned as a
systematic uncertainty.

The results of the angular fits to the data are presented in
Table I. The statistical uncertainties are determined using
the Feldman-Cousins method [28]. The systematic uncer-
tainty takes into account the limited knowledge of the
angular acceptance, uncertainties in the signal and back-
ground invariant mass models, the angular model for the
background, and the impact of a possible S-wave ampli-
tude. A more detailed discussion of the systematic uncer-
tainties can be found in Ref. [25]. Effects due to B0= !B0

production asymmetry have been considered and found
negligibly small. The comparison between the measure-
ments and the theoretical predictions from Ref. [10] are
shown in Fig. 1 for the observables P0

4 and P
0
5. The observ-

ables P0
6 and P

0
8 (as well as S7 and S8) are suppressed by the

small size of the strong phase difference between the decay
amplitudes, and therefore are expected to be close
to 0 across the whole q2 region.

In general, the measurements agree with SM expecta-
tions [12], apart from a sizeable discrepancy in the interval
4:30< q2 < 8:68 GeV2=c4 for the observable P0

5. The
p-value, calculated using pseudoexperiments, with respect
to the upper bound of the theoretical predictions given in
Ref. [12], for the observed deviation is 0.02%, correspond-
ing to 3.7 Gaussian standard deviations (!). If we consider
the 24 measurements as independent, the probability that at
least one varies from the expected value by 3:7! or more is
approximately 0.5%. A discrepancy of 2:5! is observed
integrating over the region 1:0< q2 < 6:0 GeV2=c4 (see
Table I), which is considered the most robust region for
theoretical predictions at large recoil. The discrepancy is
also observed in the observable S5. The value of S5 quan-
tifies the asymmetry between decays with a positive and
negative value of cos"K for j#j< $=2, averaged with the
opposite asymmetry of events with j#j> $=2 [2]. As a
cross check, this asymmetry was also determined from a
counting analysis. The result is consistent with the value
for S5 determined from the fit. It is worth noting that the
predictions for the first two q2 bins and for the region 1:0<
q2 < 6:0 GeV2=c4 are also calculated in Ref. [29], where
power corrections to the QCD factorization framework and

resonance contributions are considered. However, there is
not yet consensus in the literature about the best approach
to treat these power corrections. The technique used in
Ref. [25] leads to a larger theoretical uncertainty with
respect to Ref. [10].
In conclusion, we measure for the first time the angular

observables S4, S5, S7, S8, and the corresponding form-
factor-independent observables P0

4, P
0
5, P

0
6, and P0

8 in the
decay B0 ! K#0%þ%&. These measurements have been
performed in six q2 bins for each of the four observables.
Agreement with SM predictions [10] is observed for 23 of
the 24 measurements, while a local discrepancy of 3:7! is
observed in the interval 4:30< q2 < 8:68 GeV2=c4 for the
observable P0

5. Integrating over the region 1:0< q2 <
6:0 GeV2=c4, the observed discrepancy in P0

5 is 2:5!.
The observed discrepancy in the angular observable
P0
5 could be caused by a smaller value of the Wilson

coefficient C9 with respect to the SM, as has been sug-
gested to explain some other small inconsistencies between
the B0 ! K#0%þ%& data [6] and SM predictions [30].
Measurements with more data and further theoretical stud-
ies will be important to draw more definitive conclusions
about this discrepancy.
We express our gratitude to our colleagues in the

CERN accelerator departments for the excellent perform-
ance of the LHC. We thank the technical and adminis-
trative staff at the LHCb institutes. We acknowledge
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FIG. 1 (color online). Measured values of P0
4 and P0

5
(black points) compared with SM predictions from Ref. [10]
[gray (blue) bands]. The error bars indicate in each case the
68.3% confidence level.
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LHCb BaBar Belle
Belle II
projection

Observable K⇤`` Xs``
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B!Xs`
+`�

Belle [44] with 700 fb�1, and scale the statistical uncertainty with the increased luminosity,
while the systematic uncertainty is not scaled. Even for L = 50 ab�1 the latter is lower
or equal to the statistical error in all four q

2 bins. We assume the SM prediction for the
central values of A

FB

and fit the dA

FB

/dq

2 distribution with C

7

/C

9

as a free parameter.
The obtained relative accuracy is given in Tab. XXIX.

It should be noted that the ratio of the Wilson coe�cients C

7

/C

9

is even better con-
strained from the di↵erential decay width, d�(B ! X

s

`

+

`

�)/dq

2, than from the dA

FB

/dq

2.
To study this we use the BaBar measurement [45] using 424 fb�1 of data, which deter-
mined the di↵erential decay width in five bins of q

2. Again the main contribution to the
systematic uncertainty arises from the multiplicative correction factor for the decay modes
missing in the reconstruction. Contrary to the A

FB

case, however, this uncertainty is not
negligible compared to the statistical one, especially in the lowest q

2 bin. We study the
potential sensitivity to C

7

/C

9

using an analogous method as for A

FB

(q2), assuming that the
statistical and other experimental systematic uncertainties will reduce with larger statis-
tics, while the systematics due to the mentioned multiplicative factor remains unchanged.
This is a conservative estimate since the modeling of the B ! X

s

`

+

`

� decays is expected
to improve as well in the future. The expected accuracy arising from the measurement of
d�(B ! X

s

`

+

`

�)/dq

2, as well as the accuracy from combining this with the q

2

0

measurement,
is given in Tab. XXIX.

TABLE XXIX: Expected relative uncertainties on C

7

/C

9

ratio from B ! X

s

`

+

`

�

measurement. No theoretical uncertainties are included.

Observable 0.7 ab�1 5 ab�1 50 ab�1

q

2

0

80% 30% 10%
d�/dq

2 20% 10% 9%
Combined 19% 9% 6%

Taking into account the conservativeness of the above approach it is thus fair to assume
that the ratio of Wilson coe�cients C

7

/C

9

can be constrained with an experimental accuracy
of  5% through the inclusive measurements of B ! X

s

`

+

`

� at Belle II.

C. B

s,d

! ��

The decay B

s

! �� can be a↵ected in a similar way to B

u, d

! X

s

� by the presence of
NP (for example see [46]). With a limited sample of data collected on the ⌥(5S) (23 fb�1),
Belle has searched for the rare B

s

! �� decay process [47], taking advantage of the clean
e

+

e

� environment. The limit obtained, B(B
s

! ��) < 8.7 ⇥ 10�6, is the most stringent in
the world. We assume that Belle II will collect a sample of 5 ab�1 at the ⌥(5S) resonance,
which should enable a first observation with an SM expectation of approximately 10�7.

36

TABLE XXXIX: Expected relative uncertainties

on C7/C9 ratio from B !Xs`+`� measurement.

No theoretical uncertainties are included.

9
>=

>;

N.B.  The percentages 
apply to C7/C9, not to 
the observable.

Regrettably in this case, 
there is no easy opportunity 
for a graphical comparison of 
the future with the present.

Belle II projections:

B
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l+

θ
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B

K*
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Backward

The SM forward-backward asymmetry in

B!s `+`� arises from the interference
between � and Z0

contributions. J
H
E
P
0
8
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2
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Figure 4. Fraction of longitudinal polarisation of the K⇤0, FL, dimuon system forward-backward
asymmetry, AFB and the angular observables S3 and A9 from the B0 ! K⇤0µ+µ� decay as a
function of the dimuon invariant mass squared, q2. The lowest q2 bin has been corrected for the
threshold behaviour described in section 7.2. The experimental data points overlay the SM predic-
tion described in the text. A rate average of the SM prediction across each q2 bin is indicated by
the dark (purple) rectangular regions. No theory prediction is included for A9, which is vanishingly
small in the SM.

expected to be suppressed by the size of the strong phases and be close to zero in every q2

bin. A
FB

has also been cross-checked by performing a counting experiment in bins of q2.

A consistent result is obtained in every bin.

7.2 Angular distribution at large recoil

In the previous section, when fitting the angular distribution, it was assumed that the

muon mass was small compared to that of the dimuon system. Whilst this assumption is

valid for q2 > 2GeV2/c4, it breaks down in the 0.1 < q2 < 2.0GeV2/c4 bin. In this bin,

the angular terms receive an additional q2 dependence, proportional to

1� 4m2

µ/q
2

1 + 2m2

µ/q
2

or
(1� 4m2

µ/q
2)1/2

1 + 2m2

µ/q
2

, (7.1)

depending on the angular term Ij [1].

As q2 tends to zero, these threshold terms become small and reduce the sensitivity

to the angular observables. Neglecting these terms leads to a bias in the measurement

– 13 –

q20
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Schedule

• Beam commissioning starts 
in Jan 2016. 

• Installation of sub-detectors 
in Belle II will begin in 
earnest in spring 2016 and 
will be completed before the 
end of 2016. 

• Commissioning with cosmic 
rays will continue to the end 
of 2017. 

• Belle II to roll onto the beam 
line in spring of 2017. 

• During 2016 and 2017 the 
Commissioning Detector 
will assist with beam 
commissioning.

19

Belle/KEKB	
  recorded	
  ~1000	
  fb-­‐1	
  .	
  Now	
  
change	
  units	
  on	
  y-­‐axis	
  to	
  ab-­‐1

Assumes	
  full	
  operation	
  
funding	
  profile.

Assumes	
  adequate	
  
staffing	
  of	
  SuperKEKB
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